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Abstract 
Decorrelation ultrasound is being increasingly used to investigate long-term biological phenomena. In the current work, 
ultrasound image sequences of mice who did not survive anesthesia (in a separate investigation) were analyzed and post-mortem 
tissue effects were observed via decorrelation calculation. A method was developed to obtain a quantitative parameter 
characterizing the rate of decorrelation. The results show that ultrasound decorrelation imaging is an effective method of 
observing post-mortem tissue effects and point to further studies elucidating the mechanism behind these effects. 
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1. Introduction 
Decorrelation ultrasound (here after DECUS) is being increasingly used to investigate long-term biological 
phenomena such as response to therapy or slow blood perfusion in the capillaries [1–3]. DECUS is useful for 
obtaining information from dynamic changes (eg. characterizing changes in a time-domain sequence of some data). 
For a temporal sequence of ultrasound signals, it can provide important and quantitative information about scatterer 
dynamics. As shown by Abbey et al. [1], static, dynamic scatterers as well as noise can be quantitatively separated 
via decorrelation. 
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A potential application of DECUS is the investigation of postmortem effects in tissue. To our knowledge, the 
results of such experiments have not yet been published in the literature. Post-mortem tissue effects – such as  
post-mortem blood movements, rigor mortis, or decomposition) occur over the time-course of several minutes to 
hours (or even days), thereby making conventional ultrasound Doppler techniques unusable. The investigation of 
these effects is of potential interest in forensics, such as in understanding the post-mortem redistribution of various 
drugs [4]. 
2. Materials and methods 
2.1. Data acquisition 
Ultrasound (US) images of nude mice were collected under anesthesia as part of a separate investigation into 
cancer growth of xenografts implanted into their hind legs. Two of the mice did not survive the anesthesia procedure 
and ultrasound images were obtained post-mortem. To investigate post-mortem changes to tissue, a sequence of 
ultrasound images were collected at regular time intervals. The linear array transducer was kept in a fixed location 
observing the hind legs of the animal. An Analogic US research system (BK Medical, Denmark) was connected to 
5–12 MHz linear array. 
In the current work, results are presented using two separate sequences of ultrasound images, one from each of 
the mice. One was a 53 minutes long sequence with 10.6 s time intervals. The other sequence of images was 
collected in 36 hours using a time interval of 5 minutes. Based on these two image sequences, long-term tissue 
effects could be observed as well as short-term changes – the latter with a higher temporal resolution. 
2.2. Decorrelation analysis 
In order to get an insight into the dynamics of the imaged tissues, decorrelation analysis was done separately for 
each spatial location – for every image pixel in the ultrasound image frame (see Fig. 1.a.). For each pixel, the 
autocorrelation function of the temporal RF (radiofrequency) signal amplitude changes was calculated for positive 
time lags (see Fig. 1.b.). The initial parts of the autocorrelation functions fitted well to an exponential decay. 
Therefore, to estimate the rate of decorrelation, a time constant was calculated for each pixel via exponential curve 
fitting (see Fig. 1.c.). 
 
 
Fig. 1. Method for calculating the map of time constants via exponential curve fitting to autocorrelation functions of pixelwise temporal RF signal 
changes. (a) Observing RF signal amplitude change in time (for a given pixel); (b) Calculation of autocorrelation functions  
(for positive time lags); (c) Spatial map of time constants calculated from fitted exponential curves. 
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The method used for exponential curve fitting was based on the mathematics of the gradient of exponential 
functions. Namely, for an exponentially decaying function f (with amplitude A and time constant τ): 
W/)( tAetf  ,   (1) 
the gradient of the function is: 
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Thus, the time constant of the function can  be determined using the following equation: 
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Given the estimated time constants τ for each spatial location in the image frame, dynamic behavior of scatterers 
in different spatial locations was visualized by creating a map of τ (see Fig. 1.c.). 
3. Results 
3.1. Tissue changes on small time-scale (seconds – 1 hour) 
In the case of the 53-minute-long acquisition (10.6 s temporal resolution), relatively “short-term” post-mortem 
tissue effects were observed. One of these effects is post-mortem blood movement which phenomenon is discussed 
in [4]. 
The map of time constants – calculated via exponential curve fitting to the pixelwise temporal autocorrelation 
functions (see Fig. 1.) – is shown in Fig. 2.b. The regions with smaller time constants correspond to the more 
dynamically changing regions observed in the original B-mode US image flow (see Fig. 2.a. as an illustration and 
reference for Fig. 2.b.). 
 
 
Fig. 2. (a) A (typical) US image from the image sequence (for reference); (b) Spatial map of  time constants calculated from fitted exponential 
curves. Warmer colors indicate smaller time constants – thus, a faster decay in correlation. On the other hand, colder colors refer to slower decay 
(with larger time constants) and indicate the places of (more) static scatterers. In order to achieve a better resolution for smaller time constant 
values, a limit of 1000 s is set for visualizable differences. 
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In some well-defined regions – like the central ventral region of the animal (region between –1–4 mm axially, 8–
12 mm laterally) – periodic changes were observed qualitatively in the B-mode image sequence. Autocorrelation 
sequences showed a relatively fast decay rate for these regions (characterized by time constant values around 100 
seconds) and also showed an oscillatory component with a periodicity in the range of 10–15 minutes (see Fig. 3.). 
Since the abdominal aorta of the mouse was located in the area mentioned above, the occurrence of this oscillatory 
behavior (in the scale of ~10 minutes) is presumed to be related with post-mortem blood movements. 
 
 
Fig. 3. Example of the results of decorrelation analysis for pixels imaged in the central ventral region of the mouse. Initially, a nearly exponential 
decay with a time constant of ~100 seconds can be observed, followed by oscillatory behavior with a periodicity in the range of 10–15 minutes. 
3.2. Tissue changes on long time-scale (hours – days) 
To investigate relatively long-term tissue effects, a 36-hours-long post-mortem ultrasound image sequence was 
analyzed with a temporal resolution of 5 minutes. Different phases of post-mortem effects were observed in the 
temporal evolution of raw ultrasound signals and time constants were calculated for each (see Fig. 4.). 
The ultrasound images didn’t show significant variation for the first 13–19 hours following death. This 
predominantly static period is in accordance with ‘rigor mortis’ (being an important post-mortem effect describing 
long-term, static muscle contraction following death, in absence of ATP molecules which would allow actin–myosin 
complexes to disintegrate [5]). 
The generally static phase was followed by a period of dynamical changes hypothesized to be related to 
decomposition. Here, two phases could be clearly separated. Firstly, relaxation of the corpse (after rigor mortis was 
ended) resulted in relatively quick changes in RF signal amplitudes coming from a given spatial point. A time 
constant of approximately 250 seconds was calculated for this phase, observed between 19 and 26 hours following 
death. From observation of the B-mode image sequence, the rapid oscillatory changes in the RF signal in this phase 
are assumed to arise from large-scale global movement of the mouse as it relaxes following rigor mortis, rather than 
any real oscillatory motion.  
In the third phase, slower changes with a time constant of ~4000 seconds were observed. These changes are 
hypothesized to be due to advanced decomposition. 
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Fig. 4. Long-term tissue effects. (a) First B-mode image from the image sequence (made at the time of death); (b) Final B-mode image from the 
image sequence (made 36 hours after death); (c) A sequence of temporal RF signal amplitude changes showing typical phases observed, together 
with calculated time constants for each phase, separately. 
4. Conclusions 
The results show that dynamic behavior of temporal changes in tissue can be quantitatively characterized by 
decorrelation analysis on US image sequence. Post-mortem image sequences (exempt from artifacts caused by 
voluntary motion of the animal) were used to show that DECUS can serve as an effective method of observing  
post-mortem tissue effects. Decorrelation analysis method was developed providing a quantitative parameter  
(time constant of the exponential curve fitted to the initial decaying part of the autocorrelation sequence) for a given 
spatial location (image pixel). Based on this method, creating a map of these quantitative parameters has been 
showed as a useful tool of visualizing relative dynamicity of spatial locations in the frame of a temporal image 
sequence. 
Short-term and long-term tissue effects were observed post-mortem (using the above mentioned methods). 
However, further studies are needed elucidating the mechanism behind these effects as well as further improvements 
of the methodology (curve fitting algorithm, pixel-wise or global analysis, possibilities for scatterer-tracking). 
Moving towards applications, a method may be developed in the future for classifying tissue changes based on 
decorrelation analysis of an ultrasonic image sequence. 
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